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ABSTRACT 
The effect of bilateral eyestalk ligation or 
ablation on the blood Na+ and ca++ concentrations of the 
euryhaline blue crab, Callinectes sapidus, was measured 
in 10 o/oo and 5 o/oo sea water. The ablations caused a 
significant decrease in the blood Na+ and ca++ over a 
24 hour period. The serum Na+ level increased significantly 
6 hours following injections of an eyestalk extract whereas 
the blood total ca++ level did not change significantly. 
Eyestalk ligation, however, did not cause significant 
blood Na+ and ca++ changes. The blood Na+ level of 
intact crabs increased significantly in acclimating to 
colder water when compared to eyestalk-ablated crabs. 
iii 
INTRODUCTION 
The blue crab, Callinectes sapidus, is 
euryhaline and eurythermal like most estuarine animals, 
being able to live in salinities ranging from fresh water 
to hypersaline lakes and within a wide range of temperature. 
This animal maintains its hemolymph hyperosmotic at lower 
salinities (brackish water). Sodium is the major cation 
in sea water and in the hemolymph, forming 85.5% of the 
total cations of the blood of C. sapidus (Florkin, 1960). 
The blue crab maintains its blood Na+ concentration 
hyperionic at low salinity and hypoionic at very high 
·salinity (Tan and Van Engel, 1966; Gerard and Gilles, 
1972). 
In order to acclimate to different salinities, 
these crabs must have active mechanisms which regulate 
ion uptake and loss. A (Na++ :rz+)-stimulated ATPase 
enzyme system was described in crab nerve (Skou, 1957) 
and suggested as the enzymatic basis for Na+ and K+ 
transport. An active absorption of sodium in the gill 
epithelia via this enzyme system was proposed as a 
major mechanism regulating the blood sodium concentration 
of C. sapidus (Mantel, 1967) with the Na+ - 10- exchange 
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occurring at the inner (hemolymph) membrane of the 
gill cells (Copeland and Fitzjarrell, 1968). As the 
medium was diluted from 100% to 20% sea water (SW), 
the metabolic rate (Mantel, 1967) and the activity of 
the ATPase system of the gills increased (Towle, et al., 
1976). Adult males showed a higher respiration rate 
in dilute SW concentrations than females (Engel and 
Eggert, 1974). Mantel (1967) suggested that the 
evolutionary adaptation to brackish water involved a 
change in the Na+ uptake mechanism of the gills which 
causes increased metabolic activity when the medium is 
diluted. The increased metabolic activity could therefo~e 
be coupled to a change in the activity of the ATPase 
system which might be mediated through the animals' 
hormonal system. 
A winter rise in serum sodium levels was noted 
in the blue crab indicating an inverse relationship 
between blood sodium concentration and temperature 
(Mantel, 1967; Colvocoresses, et al., 1974). The 
adaptive significance of this relationship is not clear 
nor is it a universal feature in Crustacea (Spaargaren, 
1971). It is evident in dilute SW, but in full-strength 
SW, C. sapidus had approximately the same blood sodium 
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concentration regardless of temperature (Ballard and 
Abbott, 1969). 
The pronounced ionic regulation displayed 
by decapod crustaceans consists not only of controlled 
uptake of ions through the gills, but also of selective 
release of ions from the blood into the urine by means 
of the antennal glands (Robertson, 1953). The antennal 
glands, complete with end-sacs and excretory tubules, 
perform a function similar to that of vertebrate kidneys. 
Urine formation seems to be affected by changing water 
temperature. In colder water, the estuarine crab, 
Hemigrapsus, at 25% and 12% SW displays an increased 
blood-to-urine ratio of osmotic concentration, suggesting 
that cooling of surmner-adapted crabs in low salinity 
conditions stimulated greater salt reabsorption in the 
antennal glands (Dehnel and Stone, 1964). 
As variations in the blood ionic concentrations 
are related to change in salinity and temperature, 
hemolymph ionic changes also are related to the seasonal 
variations of the molt cycle. Because of the role it 
plays in the formation of the cuticle, calcium has been 
the most studied ion in regard to ecdysis. Calcium 
concentration in the blood of Callinectes has been 
found to increase dramatically at premolt and then fall 
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rapidly following the molt (Haefner, 1964). Calcium 
ions absorbed from the environmental water directly 
through the integument are the chief source of calcium 
in calcifying the cuticle after molt (Scudamore, 1947). 
In addition to these blood ca-t+ changes, the grapsid 
crab, Pachygrapsus, increases in volume 30-40% after 
molting by the absorption of water (Baumberger and 
Olmstead, 1928). 
A relationship between the molting process and 
the sinus gland of crustacean eyestalks has long been 
recognized. Smith (1940) showed that removal of both 
eyestalks shortened the intermolt period by 30% in crayfish. 
Scudamore (1947) confirmed the molt-inhibiting influence 
of the sinus glands and found that when the eyestalks 
were removed, crayfish gained weight prior to ecdysis 
due to greater water content. These changes were retarded 
but not prevented by implants of sinus glands. Eyestalk 
removal also resulted in a significant decrease in the 
unbound blood calcium of intermolt fresh-water crayfish, 
Orconectes virilis, with a concomitant increase in the 
protein-bound ca-t+ fraction (McWhinnie, 1962). The 
overall effect was a fourfold increase in blood calcium 
at the onset of premolt. Coupled with this ca-t+ increase 
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was a rise in blood protein of more than 65% over the 
intermolt value within 24 hours of eyestalk removal. 
Brown (1940) was the first to isolate the 
sinus gland of Callinectes from the remaining stalk 
tissue. It was later found that the x-organ of the 
eyestalk contained neurosecretory cells secreting 
material that was transported inside its axons to the 
sinus gland where it accumulated (Passano, 1951). The 
sinus gland is thus a neurohemal organ, storing material 
and then releasing it into the blood. This complex of 
the x-organ and sinus gland is strikingly analogous to 
the brain-corpora cardiaca complex in insects as well as 
the hypothalamus-pituitary system in vertebrates. The 
neurosecretory activity is the link between the nervous 
system and the endocrine system. The molt-inducing 
effect of eyestalk removal seems to be the result of the 
activation of the Y-organ (molting gland) located in 
the antennary segment (Passano, 1961). 
The sinus gland of C. sapidus contains at least 
six tinctorial types of neurosecretory cell endings, 
each with distinct morphological as well as staining 
characteristics (Potter, 1954). It is known that the 
sinus gland contains a number of hormones, each having 
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a particular function and perhaps each corresponding 
to a particular cell ending type. In addition to molt-
inhibition, these hormones have probable effects on 
retinal pigment migration, chromatophorotrophins and 
color change, inducing hyperglycemia and ovary inhibition. 
It is also possible that the eyestalk may be the source 
of a molt-promoting as well as a molt-inhibiting 
principle (McWhinnie, 1962). 
In addition to these effects, there is evidence 
that a sinus gland hormone may have an influence on water 
permeability in crustaceans. Sinus gland extracts 
injected into the euryhaline shore crab, Carcinus, at 
any stage of the molt cycle reduces water uptake in both 
normal and eyestalkless crabs (Carlisle, 1956). In the 
freshwater crayfish, Procambarus clarkii, there was a 
decrease in weight over the first 24 hours after eyestalk 
ablation, but except for this initial decrease,. there 
seemed to be little difference between the eyestalkless 
and normal animals. (Kamemoto, et al., 1966). These 
investigators found no difference between animals ligated 
and ablated. They also observed that when all the animals 
had their nephropores plugged, there was a significantly 
greater increase in weights of animals after destalking 
- 7 -
as compared to normal animals. This suggested that 
there was a greater influx of water along with an even 
greater elimination of water in eyestalkless crayfish. 
Other studies indicated that bilateral eyestalk 
ligation resulted in a decrease in (Na+ - I.0-)-stimulated, 
Mg++-dependent and ouabain-sensitive ATPase activity in 
the gills of the crab, Metopograpsus messor. Injections 
of brain homogenate restored the enzyme activity 
(Kamemoto and Tullis, 1972). 
Therefore it is apparent that there are specific 
hormonal factors regulating salt and water balance in 
crustaceans, both during the intermolt period and during 
ecdysis. Whether such factors are operative in C. sapidus 
was the subject of this investigation. Possible 
neurohormonal control of the blood sodium and calcium 
levels was studied in blue crabs maintained in hypoosmotic 
media during their intermolt period. The effects of 
changing temperature on the blood sodium concentrations 
were also studied. 
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METHODS AND MATERIALS 
Specimens of the blue crab, Callinectes sapidus, 
were obtained cormnercially from Capitol City Seafood of 
Richmond, Virginia, on July 2, August 15, and September 6, 
1975. They had been captured using crab pots in the 
Chesapeake Bay near Matthews, Virginia. Because male 
crabs are better hyperregulators in lower salinities (Tan 
and Van Engel, 1966), only adult male crabs in the intermolt 
stage were used. These crabs measured 12.7-15.6 cm across 
the back from the tip of one lateral spine to the other. 
They were not fed starting 24 hours before experimentation 
because it was hoped that variations in their blood 
composition due to differences in feeding would thus be 
eliminated. It had been previously found that starvation 
. 
for as long as 7 days had no significant effect on the 
blood sodium concentration (Ballard and Abbott, 1969). 
During all experiments a light regime of 12 hr. light and 
12 hr. dark was maintained, and all experiments were 
carried out starting in late morning. 
Experimental sea water solutions were prepared 
using Instant Ocean Synthetic Sea Salts and deionized 
water. The salinities used were 5 and 10 o/oo SW having 
sodium concentrations of 65 and 130 millequivalents per 
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liter (meq/l) respectively, both hypoionic to the blood 
of intact blue crabs. It was observed that in extremely 
low salinities (1-2 o/oo SW), blood concentration was 
still dropping at the end of 48 hours after transfer from 
33.4 o/oo SW, so at least a 72 hour acclimation time was 
needed (Ballard and Abbott, 1969). Immediately after 
obtaining the animals, they were allowed to adapt in the 
experimental salinities for 3 to 7 days before the experiments; 
the blood sodium concentration remaining stable after this 
acclimation period. 
The experiments were run under three different 
environmental conditions: (1) 5 o/oo SW and 16°c; (2) 
10 o/oo SW and 16°c; (3) 10 o/oo SW and a gradual change 
in temperature from 21°c to 16° over a 24 hour period. 
Initially, in every experiment a 0.1 ml sample 
of blood was taken from each crab at the base of the third 
walking leg using a 1 ml syringe with a 1.6 cm. needle. 
Innnediately thereafter in the experiment with 5 o/oo SW, 
the eyestalks of approximately half the crabs were 
bilaterally ligated at their bases with nylon thread. The 
eyestalks were bilaterally ablated at their bases by means 
of fine scissors in the two experiments in 10 o/oo SW. 
Hemorrhage from the wound surface of those ablated was 
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effectively stopped by clotting of the blood in less than 
a minute. Tests had shown that withdrawing 5 ml of blood 
with a syringe daily for as long as 7 days had no significant 
effect on blood osmotic concentration (Ballard and Abbott, 
1969). 
To prepare the eyestalk extract for the experiment 
in 5 o/oo SW, 30 eyestalks from acclimated crabs were 
. . 
homogenized in 0.75 ml of 0.3M NaCl (isoionic for sodium 
with crab serum). Fifty eyestalks from acclimated crabs 
were homogenized in 1.25 ml of 0.35M NaCl (isoionic for 
sodium) for the experiments in 10 o/oo SW and 16°c. The 
homogenate was centrifuge~ at 8000 g and o0 c for 10 min., 
and the supernatant was saved. 
Twenty-four hours following the ligations or 
ablations, serum samples were again taken in the same 
manner as before. Fifty µl of eyestalk extract (two 
eyestalk equivalents) was then injected into half of the 
eyestalkless and half of the intact crabs at the base of 
a walking leg. Fifty µl of 0.3M NaCl (for those in 5 o/oo 
SW) or 0.35M NaCl (10 o/oo SW) were injected into the 
remaining control animals in the same manner. 
In the constant temperature experiments, serum 
samples were once again taken 6 hours after the injections. 
All serum samples were allowed to clot and were frozen 
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1 to 3 days before analysis. It had been observed that 
there was no difference between fresh serum or serum 
frozen and thawed once in regard to serum ions (Lynch 
et al., 1973). After thawing, the samples were centrifuged 
at high speed (Beckman Spinco 152) for five minutes. A 
thousandfold dilution of the sample was made in deionized 
water, and sodium determinations were obtained using the 
Coleman 21 Flame Photometer. 
In the experiment in 10 o/oo SW and at 16°c, 
blood calcium determinations were also made using a 
fortyfold sample dilution and the Jarrell-Ash 82-500 
Atomic Absorption Spectrophotometer. 
Excluded from the data were crabs that died 
during the course of the experiments: (1) one ligated 
and two control animals in 5 o/oo SW at 16°c; (2) five 
ablated and two control animals in 10 o/oo SW at 16°c; 
(3) one ablated animal in 10 o/oo and changing temperature 
(21° to 16°C). 
Statistical analysis ~as done using Student's 
two-sample t test, single factor analysis of variance and 
Neuman-Keuls multiple range test. Significant differences 
were assumed for values greater than or equal to those 
listed for the 95 per cent confidence interval for the 
proper degree of freedom. 
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RESULTS 
The average blood sodium concentrations were 
359.0 meq/l (30 crabs) and 311.2 meq/l (20 crabs) for 
animals in 10 o/oo and 5 o/oo SW respectively at 16°c. 
These blood sodium concentrations are higher than those 
cited by Mantel (1967) for Callinectes sapidus (312 and 
295 meq/l for 10 o/oo and 5 o/oo SW respectively). 
However, this work was conducted at higher temperatures 
(19-21°c), and the discrepancy can be attributed to the 
inverse relationship observed between temperature and 
blood sodium concentration (Ballard and Abbott, 1969; 
Colvocoresses, et al., 1974; Engel, et al., 1974). 
Table 1 indicates that no discernible size effects 
on serum sodium were apparent in intact, mature, male blue 
crabs except in the largest crabs observed where a 
significantly lower blood sodium occurs (P <0.005). The 
individual readings for blood Na+ concentration are depicted 
in Figure 1. Gilbert(l959) observed in Carcinus meanus 
that as size increased, blood sodium and osmotic concentra-
tion decreased. He suggested that this size effect might 
be due to age, assuming larger crabs to be older crabs. 
Lynch, et al., (1973) found no apparent correlation 
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between size and serum chlo~ide or osmotic concentration 
in mature, female blue crabs. 
After the eyestalks were ligated in the experiment 
in 5 o/oo SW, the serum sample taken 24 hours later indicated 
no significant change in the blood Na+ concentration (P <0.1) 
when compared to unligated crabs (Table 2), although there 
was a trend towards a lowering of the blood Na+ level in 
the ligated crabs. 
When the crabs were given injections of eyestalk 
extract, blood samples taken 6 hours later indicated no 
significant change in the blood Na+ concentration when 
compared to crabs receiving injections of isoionic saline 
(Table 3), although there was a trend towards an increase 
in the blood Na+ level in the crabs receiving eyestalk 
extract. 
In the experiment in 10 o/oo SW, blood samples 
taken 24 hours after eyestalk ablation indicated a significant 
decrease in serum Na+ concentration (P <.0005) when compared 
to unablated crabs (Table 4). When the crabs were given an 
injection of eyestalk extract, 6 hours later there was a 
significant increase in the serum Na+ concentration (P <.005) 
when compared to crabs receiving an injection of isoionic 
saline (Table 5). A Newman-Keuls test of ordered means 
indicated that the eyestalk-ablated crabs that received an 
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injection of eyestalk extract experienced a significant 
increase in blood Na+ concentration over the other three 
groups (Table 6). 
Analyzing the blood Na+ change throughout the 
entire ablation experiment, a significant decrease is 
indicated in the eyestalk-ablated crabs that received an 
injection of isoionic saline as compared to the other 
three groups (Tables 7 and 8, Figure 2). 
The discrepancies noted between the ligation and 
ablation experiments suggested that the ligation procedure 
was not sufficient to completely prevent the flow of 
material from the sinus gland in the eyestalks into 
circulation in the body of all the crabs. Some of the 
ligation threads unraveled, causing those animals to be 
excluded from the experiment. Many of the individual crabs 
included in the ligation experiment exhibited a, substantial 
drop in serum Na+ concentration following ligation while 
others experienced no such decrease. 
The initial mean valu~ for blood ca++ concentration 
in 10 o/oo SW (482.4 p.p.m. for 12 crabs) was higher than 
the mean value observed by Haefner (1964) for hemolyrnph 
calcium in intermolt blue crabs in the same salinity 
(438 8 f 5 bs) Thi"s difference could be . p.p.m. or era . 
attributed to the possibility that some crabs in the 
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present study may have been approaching the early premolt 
stage where Haefner found the ca+t concentration to increase 
significantly (851.8 p.p.m. for 3 crabs). Blood samples 
taken 24 hours after eyestalk ablations indicated a 
significant decrease in serum total ca+t concentration 
(P <.OS) when compared to the unablated crabs (Table 9). 
This decrease occurred in conjunction with the significant 
drop in blood Na+ concentration observed in the same 
animals (Table 4). 
Six hours following an injection of eyestalk 
extract into the eyestalk-ablated crabs, blood samples 
indicated no significant change in serum total ca+t 
concentration (P <0.3) when compared to eyestalk-ablated 
crabs receiving an injection of isoionic saline (Table 10). 
Together with this lack of serum ca+t change was the 
significant increase in blood Na+ concentration in the 
same animals (Tables 5 and 6). The blood calcium changes 
throughout the experiment are indicated in Figure 3. 
In the experiment with changing water temperature 
(from 210 to 16°c) following ablations, the blood Na+ 
concentration in the unablated crabs increased significantly 
(P <.001) in comparison to that of the eyestalk-ablated 
crabs (Table 11 and Figure 4). 
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DISCUSSION 
This study indicates that there are factors 
in the eyestalks of C. sapidus affecting the hyperregulatory 
ability in more dilute SW. Whether the decrease in serum 
Na+ concentration following eyestalk ablation (Table 4 and 
Figure 2) was the result qf an increased influx of water 
or changes in the Na+-:rz+ ATPase enzyme system is unknown, 
but the blood Na+ level was increased again following an 
injection of eyestalk extract (Tables 5 and 6, Figure 2). 
A similar decrease of the blood sodium level in eyestalkless 
animals was observed in fiddler crabs (Heit'and Fingerman, 
1975) and in the crayfish, Procambarus Clarkii in dilute 
SW (Kamemoto and Ono, 1969). 
There is general agreement that the main route 
of salt absorption in blue crabs in hypoosmotic environments 
is through the gills. This probably occurs at the cell 
surface in a close and regular association between the 
envelope membrane of flattened mitochondria and the plasma 
membrane (Copeland and Fitzjarrell, 1968). 
Regarding the acclimation process, when blue 
crabs are transferred from 100% SW to 50% SW, there is a 
decrease in the total amount of amino acids in all the 
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tissues except the blood (Gerard and Gilles, 1972). The 
increased blood annnonia concentration observed by the same 
investigators may be due to an increased deamination 
activity of the various amino acids. Ammonia excretion 
increases significantly in 10 o/oo SW in adult male blue 
crabs, but after a week at 10 o/ oo SW, NH4 + excretion 
drops to near control levels, suggesting that hormonally-
controlled changes in permeability have occurred (Silverthorn 
and Krall, 1975). 
Concerning ammonia excretion, Towle (1974) found 
that gill Na+-K+ ATPase of the blue crab does not require 
~ as a counterion, .but instead can substitute NH4+ with 
no reduction in enzyme activity. Urea excretion in these 
animals is minimal and decreases as ammonia excretion 
increases (Silverthorn and Krall, 1975). These workers 
suggest that the mechanism by which Na+ is actively absorbed 
at the gill is a Na+-NH4+ exchange system similar to that 
of the vertebrate kidney. 
In addition to modifications of pathways responsible 
for biosynthesis and degradation of these amino acids, changes 
in membrane permeability may be taking place. Since both 
water and salt permeability in dilute SW conditions is often 
lower in euryhaline crabs than in stenohaline species, 
r@duc~d nermeability may also contribute toward hyper-
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regulatory ability (Whitney, 1974). It was observed 
that two strongly osmoregulatory species of mud crabs 
had a low permeability to water and were able to decrease 
their permeability at low salinities (Ruddy and Feng, 
1975). By contrast Shaw (1961) found no evidence of a 
decrease in surface permeability to sodium in dilute SW 
in the euryhaline crab, Carcinus. In Callinectes with 
salini~ies from 20.7 to 1 o/oo, weight remained constant 
except in some cases in extremely dilute water. This 
agrees with the premise that osmoregulation is accomplished 
by net changes in blood salt content rather than water 
content (Ballard and Abbott, 1969). 
Thompson (1967) found in the freshwater crab, 
Pseudothelphusa jouyi, that the removal of the eyestalks 
resulted in an increased permeability to tritiated water. 
It was also observed in Procambarus that urine flow 
increased by twofold over a 24 hr period following bilateral 
eyestalk ligation (Kamemoto and Ono, 1967). Other evidence 
showed that eyestalk removal resulted in a decrease in 
Na+-K+ stimulated ATPase activity in the gills of the 
grapsid crab, Metopograpsus messor, with injections of 
brain homogenate restoring the enzyme activity (Kamemoto 
and Tullis, 1972). These investigators also found that 
- 19 -
+ . ligation resulted in decreased Na -K+ ATPase activity of 
Procambarus kidney with injections of eyestalk extract 
increasing the enzyme activity. 
In the present study, accompanying the reduction 
in blood Na+ concentration in the eyestalk-ablated crabs 
was a significant decrease in blood total ca-t+ concentration 
(Table 9 and Figure 3). This result seems inconsistent 
with the long-recognized fact that the exclusion of the 
eyestalk molt-inhibiting hormone causes premature ecdysis, 
and associated with the early premolt stage is a significant 
rise in the serum ca++ level (McWhinnie, 1962; Haefner, 
1964). The simultaneous decrease in serum Na+ and ca-t+ 
levels observed in the present study over the relatively 
short time period of 24 hours indicates that a change in 
water permeability may have occurred following eyestalk 
ablation. In the euryhaline crab Carcinus, there is good 
evidence for such an eyestalk water balance hormone which 
is distinct from the molt-inhibiting hormone of the 
eyestalks (Carlisle, 1956). 
Following injection of the eyestalk extract, the 
blood Na+ concentration increased significantly in the 
eyestalkless crabs (Table 6 and Figure 2), but this increase 
. . the total blood ca-++ level is not accompanied by a rise in 
(T bl ) Thl.·s di"fference indicates that a e 10 and Figure 3 . 
_______ _ 
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different eyestalk factors may be regulating these two 
cations independently. It is possible that an eyestalk 
hormone may be regulating Na+ concentration through 
changes in the Na+-K+ ATPase enzyme activity in addition 
to changes in water permeability. On the other hand, 
the reintroduction of the eyestalk molt-inhibiting hormone 
may be preventing a rise in blood ca++- concentration despite 
a reduced water permeability. The literature presents 
evidence supporting all these possibilities (Kamemoto and 
Tullis, 1972; Carlisle, 1956; Kamemoto, et al., 1966; 
McWhinnie, 1962). 
There was no significant difference in the 
blood Na+ drop of eyestalk-ablated crabs in constant 
temperature vs. the blood Na+ decrease of eyestalk-ablated 
crabs in changing temperature (from 21°c to 16°C). This 
is deceptive because in the constant temperature experiment, 
the blood Na+ level of the control animals remained the 
same while that of the eyestalk-ablated animals dropped. 
However in the experiment where the temperature became 
colder, the serum Na+ level of the control crabs increased 
h bl d an;mals remained nearly w ile that of the eyestalk-a ate ~ 
the same. This inverse relationship between temperature 
. . t blue crabs concurs 
and blood sodium concentration in intac 
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with previous findings (Mantel, 1967; Colvocoresses, 
· et al. , 1974). But the presence or absence of eyes talk 
hormones must not have an effect on blood Na+ concentration 
in relation to changing water temperature. 
It is obvious from this research that the 
eyestalk hormone (or hormones) affects salt regulation 
in the blue crab, and its release is undoubtedly closely 
related to environmental conditions and the molting cycle 
of these animals. The site or sites where this hormone 
exerts its action is unknown; It may directly affect 
either the gills, antennal glands, other body surfaces or 
all of these areas by promoting the active transport of 
sodium by stimulating Na+-K+ activated ATPase. It is also 
possible that the eyestalk component may inhibit the 
production of a permeability factor from another organ. 
If this is true, removal of the eyestalks would free the 
permeability factor, increasing the permeability of the 
body surfaces. Further studies are needed to distinguish 
between these possibilities. 
In surmnary, eyestalk ablation resulted in 
decreased blood Na+ and ca++ levels within 24 hours in 
the blue crab in hypoosmotic media. Subsequent injections 
of eyestalk extract increased the Na+ level without 
- 22 -
affecting the ca++- concentration. Different eyestalk 
hormonal factors appear to be involved in regulating 
Na+ and ca++- in the blood. 
LITERATURE CITED 
Aiken, D. E. 1969. Photoperiod, endocrinology and the 
crustacean molt cycle. Science 164:149-155. 
Ballard, B. S. and W. Abbott. 1969. Osmotic accommodation 
in Callinectes sapidus, Rathbun. Comp. Biochem. 
Physiol. 29:671-687. 
Baumberger, J. P. and J. M. D. Olmstead. 1928. Changes 
in the osmotic pressure and water content of 
crabs during the molt cycle. Physiol. Zool. 
1:531-545. 
Brown, F. A. Jr., 1940. The crustacean sinus gland and 
chromatophore activation. Physiol. Zool. 
13:343-355. 
Carlisle, D. B. 1956. On the hormonal control of water 
balance in Carcinus. Pubbl. Staz. Zool. Napoli 
27:227-231. 
Colvocoresses, J. A., M. P. Lynch and K. L. Webb. 1974. 
Variations in serum constituents of the blue crab 
Callinectes sapidus: major cations. Comp. Biochem. 
Physiol. 49A:787-803. 
Copeland, D. E. and A. T. Fitzjarrell. 1968. The salt 
absorbing cells in the gills of the blue crab 
(Callinectes sapidus Rathbun) Z. Zellforsch 
92:1-22. 
Dehnel, P. A. 1962. Aspects of osmoregulation in two 
species of intertidal crabs. Biol. Bull. 122:208-227. 
Dehnel, P. A. and D. Stone, 1964. Osmoregulation in 
crabs. Biol. Bull. 126:354-372. 
Engel, D. W., E. M. Davis, D. E. Smith and J. W. Angelovic 
1974. The effect of salinity and temperature on 
the ion levels in the hemolymph o~ th~ blue crab, 
Callinectes sapidus, Rathbun. Comp. Biochem. 
Physiol. 49A:259-266. 
- 24 -
Engel, D. ~·.and L. D. Eggert. 1974. The effect of 
salinity and sex on the respiration rates of 
exc~sed gills of the blue crab, Callinectes 
sapidus. Comp. Biochem. Physiol. 47A:l005-1011. 
Florkin, M. 1960. Blood chemistry, In Physiology of 
Crustacea (Edited by Waterman, T. H.) vol. 1, 
670 pp. Academic Press, New York. 
Gerard, J. F. and R. Gilles. 1972. The free amino acid 
pool in Callinectes sapidus (Rathbun) tissues 
and its role in the osmotic intracellular 
regulation. J. Exp. Mar. Biol. Ecol. 10:125-136. 
Gilbert, A. B. 1959. The composition of the blood of 
the shore crab, Carcinus maenus Pennant, in 
relation to sex and body size - I. Blood 
conductivity and freezing point depressions. 
J. Exp. Biol. 36:113-119. 
Haefner, P. A. 1964. Hemolymph calcium fluctuations 
as related to environmental salinity during 
ecdysis of the blue crab, Callinectes sapidus 
Rathbun. Physiol. Zool. 37:247-258. 
Heit, M. and M. Fingerman. 1975. The role of an 
eyestalk hormone in the regulation of the sodium 
concentration of the blood of the fiddler crab, 
Uca pugilator. Comp. Biochem. Physiol. 50A:277-280. 
Kamemoto, F. I., K. N. Kato and L. E. Tucker. 1966. 
Neurosecretion and salt and water balance in the 
Annelida and Crustacea. Am. Zool. 6:213-219. 
Kamemoto, F. I. and J. K. Ono. 1967. The effects o~ 
eyestalk ligation on salt and water balance in 
the crayfish, Procambarus clarkii. Am. Zool. 7:723. 
Kamemoto, F. r. and J. K. Ono. 1969. Neuroendocrine . 
regulation of salt and water balance in the crayfish 
· h Ph · 1 29·393-Procambarus clarkii. Comp. Bioc em. ysio · · 
401. 
Kamemoto, F. I. and R. E. Tullis. 1972. 
regulation in decapod Crustacea. 
Endocrin. Sup. 3:299-307. 
Hydromineral 
Gen. Comp. 
- 25 -
Lynch, M. P. and K. L. Webb. 1973. Variations in 
serum constituents of the blue crab Callinectes 
sapidus. Comp. Biochem. Physiol. 20:743-753. 
Mantel, L. H. 1967. Asynnnetry potentials, metabolism 
and sodium fluxes in gills of the blue crab 
Callinectes sapidus. Comp. Biochem. Physioi. 
20:743-753. 
McWhinnie, M. A. 1962. Gastrolith growth and calcium 
shifts in the freshwater crayfish, Orconectes 
virilis. Comp. Biochem. Physiol. 7:1-14. 
Passano, L. M. 1951. The X organ-sinus gland neurosecretory 
system in crabs. Anat. Rec. 111:502. 
Passano, L. M. 1961. 
metamorphosis. 
The regulation of crustacean 
Am. Zool. 1:89-95. 
Potter, D. D. 1954. Histology of the neurosecretory 
system of the blue crab Callinectes sapidus. 
Anat. Rec. 120:716. 
Quinn, D. J. and C. E. Lane, 1966. Ionic regulation and 
Na+-1(+ stimulated ATPase activity in the land 
crab, Cardisoma guanhumi. Comp. Biochem. Physiol. 
19:533-543. 
Robertson, J. D. 1953, Further studies on ionic 
regulation. J. Exp. Biol. 30:277-296. 
Ruddy, G. M. and s. Y. Feng. 1975. Osmoregulation and 
salinity adaptation in three species of mud crabs 
(Xanthidae). Am. Zool. 15:795. 
947 The influence of the sinus glands Scudamore, H. H. 1 . f · h 
upon molting and associated changes in the cray is · 
Physiol. Zool. 20:187-208. 
Shaw, J. 1961. 
maenus -
Studies on ionic regulation in Carcinus 
I. Sodium balance. J. Exp. Biol. 38:135-152. 
Silverthorn, s. U. and A. R. Krall. ~975: A~onia 
excretion and low salinity acclimation in 
Callinectes sapidus. Am. Zool. l 5 : 795 · 
- 26 -
Skou, J. C. 1957. The influence of some cations on 
the adenosine triphosphatase from peripheral 
nerves. Biochem. Biophys. Acta. 23:394. 
Smith, R. I. 1940. Studies on the effects of eyestalk 
removal upon young crayfish (Cambarus clarkii 
Girard). Biol. Bull. 79:145-152. 
Spaargaren, D. H. 1971. Aspects of the osmotic 
regulation in the shrimps Crangon crangon and 
Crangon allmanni. Neth. J. Sea Res. 5:275-335. 
Tan, Eng-Chow and W. A. Van Engel, 1966. Osmoregulation 
in the adult blue crab, Callinectes sapidus Rathbun. 
Ches. Science. 7:30-35. 
Thompson, L. C. 1967. Osmotic regulation in the Mexican 
fresh water crab, Pseudothelphusa jouyi Rathbun. 
Am. Zool. 7: 735. 
Towle, D. W. 1974. Equivalence of gill Na++ K+-ATPase 
from blue crabs acclimated to high and low 
salinity. Am. Zool. 14:1259. 
Towle, D. W., G. E. Palmer and J. L. Harris III. 1976. 
Role of gill Na+ + K+-independent ATPase in 
acclimation of blue crabs (Callinectes sapidus) 
to low salinity. J. Exp. Zool. (Accepted for 
Publication). 
Whitney, J. o. 1974. The effect of external sal~nity 
upon lipid synthesis in the blue crab Ca~l~n7ctes 
sapidus Rathbun and in the spider era~ Libinia 
emarginata Leech. Comp. Biochem. Physiol. 
49A:433-440. 
- 27 -
Table 1. Size effect on blood sodium concentration in 
mature, intermolt, male blue crabs, c. sapidus 
(10 o/oo SW and 160C). 
Number Mean Carapace Serum Sodium (meq/l) 
of Crabs width (cm) Range mean + S. E. 
3 12.9 12.7-13.1 356.0 + 8.4 
6 13. 7 13.4-13.8 360.7 + 4.3 
12 14.0 13.9-14.2 363.1 + 3.6 
6 14.4 14.3-14.6 358.S ± 4.8 
3 15.1 14.8-15.6 7(341.7 ± 2.4 
* t-test significant at the .005 level 
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Table 2. Mean change in blood sodium concentration 
' (meq/l) in mature, intermolt, male blue crabs, 
Control 
C. sapidus, 24 hours following bilateral 
eyestalk ligation (5 o/oo SW and 16°C). 
Number of 
Crabs 
Change in 
Serum Sodium (meq/l) 
Mean + S. E. 
-6.8 + 4.2 
Eyestalk-ligated 
8 
12 -18.2 + 5.5 
* not significant at the .OS level 
t 
1.42* 
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Table 3. Analysis of Variance - Mean change in blood 
sodium concentration (meq/l) in mature, 
intermolt, male blue crabs, f. sapidus, six 
hours following injections with either eyestalk 
extract or isoionic saline (5 o/oo SW and 16°c). 
Source 
Treatments 
Error 
SS 
826.49 
3943.51 
df 
3 
16 
*not significant at .OS level 
MS 
275.50 
246.47 
F 
1.12* 
F.95(3,16) = 3.24 
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Table 4. Mean change in blood sodium concentration (meq/l) 
in mature, intermolt, male blue crabs, 
C. sapidus, 24 hours following bilateral 
eyestalk ablation (10 o/oo SW and 16°c) 
Number Change in t 
of Crabs Serum Sodium (meq/l) 
mean + S.E. 
Control 14 -6.5 ± 4.8 
5.20* 
Eye stalk- 16 -46.4 + 5.9 
Ablated 
. 
* significant at the .05 level 
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Table 5. Analysis of Variance - Mean change in blood 
sodium concentration (meq/1) in mature, 
intermolt, male blue crabs, f. sapidus, six 
hours following injections with either eyestalk 
extract or isoionic saline (10 o/oo SW and 16°C). 
Source 
Treatments 
Error 
SS 
7885.77 
5947.73 
df 
3 
26 
* significant at the .OS level 
MS 
2628.59 
228.76 
F 
11.49* 
F. 95(3, 26) = 2.98 
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Table 6. Newman-Keuls Test of Ordered Means - Mean 
change in blood sodium concentration (meq/l) 
in mature, intermolt, male blue crabs, C. sapidus, 
six hours following injections with either 
eyestalk extract or isoionic saline (10 o/oo 
SW and l60C) 
Treatments 
Control/ Control/ Ablated/ Ablated/ 
saline extract saline extract 
Mean 
Treatments change -4.14 5.0 11.0 38.88 
Control/ 
saline -4.14 2.26 3.87 11. Qi: 
Control/ 
1.53 8.66* extract 5.0 
Ablated/ 7.38* 
saline 11.0 
Ablated/ 
extract 38.88 
* significant at the .05 level 
- ::u -
Table 7. Analysis of Variance - Mean change in blood 
sodium concentration (meq/l) in mature, intermolt, 
male blue crabs, C. sapidus, following bilateral 
eyestalk ablations and then injections with 
either eyestalk extract or isoionic saline 
Source 
Treatments 
Error 
(.10 o/oo SW and 16°c) 
SS 
6691.45 
8560.02 
* significant at the .05 level 
df 
3 
26 
MS 
2230.48 
329.23 
F 
6.77* 
F. 9s(3, 26) = 2.98 
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Table 8. Newman-Keuls Test of Ordered Means - Mean change 
in blood sodium concentration (meq/l) in mature, 
intermolt, male blue crabs, C. sapidus, following 
bilateral eyestalk ablations and then injections 
·with either eyestalk extract or isoionic saline 
(10 o/oo SW and 16°c). 
Treatments 
Ablated/ Ablated/ Control/ Control/ 
saline extract saline extract 
Mean 
Treatments Change -36.0 -6.88 -4.29 +2.43 
Ablated/ 
saline -36.0 6.48* 6.78* 8.21* 
Ablated/ 
.55 1. 99 extract -6.88 
Control/ 1.39 
saline -4.29 
Control/ 
extract +2.43 
* significant at the .05 level 
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Table 9. Mean change in blood total calcium concentration 
Control 
Eyes talk-
ablated 
(p.p;m.) in mature, intermolt, male blue crabs, 
.£• sapidus, 24 hours following bilateral 
eyestalk ablation (10 o/oo SW and 16°C). 
Change in 
Number Serum Calcium (p.p.m.) 
of Crabs Mean + S. E. 
4 +15.3 + 15.2 
8 -66.5 + 9.9 
t 
1.98* 
* significant at the .05 level 
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Table 10. Mean change in blood total calcium concentration 
(p.p.m.) in mature, intermolt, male blue crabs, 
C. sapidus (eyestalkless) 6 hours following 
injections with either eyestalk extract or 
isoionic saline (10 o/oo SW and 16°C). 
Change in t 
Type Number Serum Calcium (meq/l) 
Injection of Crabs Mean + S.E. 
Saline 4 -4.0 + 13.0 
.57* 
Extract 4 -13.0 ± 9.1 
* not significant at the .05 level 
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Table 11. Mean change in blood sodium concentration (meq/l) 
Control 
Eyestalk-
ablated 
in mature, intermolt, male blue crabs, £.. sapidus 
24 hours following bilateral eyestalk ablation 
and cooling of water temperature from 21°c to 
16°c (10 o/oo SW) 
Number 
of Crabs 
5 
5 
Change in 
Serum Sodium (meq/l) 
Mean + S.E. 
+50.0 + 3.9 
+10.8 + 7.5 
t 
4.61* 
* significant at the .OS level 
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Figure 1. Size effect on blood sodium concentration 
in mature, intermolt, male blue crabs, 
C. sapidus (10 o/oo SW and 160C). Each 
point represents an individual crab. 
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Figure 2. Mean blood sodium concentration (meq/l)· 
in mature, intermolt, male blue crabs, 
C. sapidus, initially, 24 hours following 
bilateral eyestalk ablation, and 6 hours 
following injections with eyestalk extrac 
or isoionic saline (10 o/oo SW and 16°c). 
- 39 -
365 control extract (14 crabs) (7 crabs) 
........ 360 . \ \ M .......... 
~ 355 
e 
-
s:: 350 / 0 
•M saline +.I 345 ctt (7 crabs) J..I 
+.I 340 s:: QJ 
u I' s:: 335 0 u 
+ 330 
ablated extract 
C'd (16 crabs) (8 crabs) z 
'ij 325 
0 
0 
M 320 i:Q 
315 
310 saline (8 crabs) 
0 Time (hours) 24 30 
1 i 
ablations injections 
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